ABSTRACT BACKGROUND: The aim of the study was to investigate if there was a difference in injury in intra-abdominal viscera due to blunt abdominal trauma sustained by rats with empty or full stomach and to examine which viscera is affected most, based on the direction of the trauma.
some is fixed in the body. Organ injuries from blunt trauma to the abdomen vary depending on the relative mobility of the organs. The rate of injury is higher in fixed-position organs compared to the mobile organs in the abdomen. Injuries to organs containing spaces, air, and fluids, such as the gastrointestinal system organs, occur through different mechanisms than injuries to solid organs such as the liver. For instance, blunt trauma to the epigastric area, or the left upper abdominal region, may push the stomach to the back of the abdomen and against the vertebrae, and thus, cause contusion to the stomach. Although blunt trauma rarely causes perforation of the stomach when the stomach is empty, the effects of a similar trauma differ on a full stomach. When the stomach is full, sudden traumatic force generates a hydrostatic pressure transferred by the fluid contents to every point of the stomach, leading to rupture of the stomach. [7] Blunt trauma to the abdomen most commonly causes organ damage in the spleen, liver, mesenterium, and small intestines, respectively. [8] In this study, we aimed to experimentally determine whether there were any differences in internal organ damage due to blunt trauma to the abdomen in rats with a full or empty stomach.
INTRODUCTION
Trauma, one of the most common causes of death in developed countries worldwide, [1] [2] [3] is the major reason for death between the ages of 1 and 44. It is the third most common cause of death for people of all ages. [4, 5] The majority of the population (81.8%) is between 0 and 44 years of age in Turkey, and therefore, most of the population is in the risk group for trauma. The most common cause of traumatic death in Turkey is traffic accidents, followed by occupational injuries. [6] Some abdominal organs are mobile, whereas the position of
MATERIALS AND METHODS
The study included ten-week-old thirty-six rats having a mean weight of 150-250 g. Rats were purchased from the animal laboratory of Elazig University. This study was approved by the ethics committee and performed following the ethical rules for animal experiments.
There was no previous literature to review for the rate of traumatic force to apply on rats. Therefore, a pilot study was performed following the methodological procedures described by Özel et al. [9] The degree of traumatic force (newton) not causing sudden death but leading to internal organ damage, and the energy (joule) absorbed by rats were determined.
The formulations used to calculate energy in this study are listed below: To determine a measurable traumatic force, rats whose weight ranged from 200 to 250 g were dropped from a height of 40 and 45 cm to hit the abdominal region in a pre-prepared experimental assembly suggested by Özel et al. [9] (Figure 1 ). The most convenient traumatic force (F=69.978 N) and rate of absorbed energy (E=0.979 Joules) in rats were determined by testing with a material that was 250 g in weight and dropping it from a height of 40 cm.
Rats were starved for 24 hours. Afterwards, eighteen rats were fed regarding their daily routine. By using this approach, rats were separated into two groups: rats with a full stomach (n=18) and rats with an empty stomach (n=18). After the feeding period, six rats from each group were traumatized from either the anterior, left, or right. Rats were separated into six groups depending on their stomach conditions and the location of the trauma (Table 1) . Rats with empty stomachs were divided into three groups regarding whether they were traumatized from the anterior (Group 1), the right (Group 2) or the left (Group 3) (Table 1) . Similarly, rats with full stomachs were categorized into three groups (Groups 4, 5, or 6) depending on the location of the trauma, from either the anterior, the right, or the left, respectively (Table 1) .
Rats were anesthetized with ketamine and taken to an assembly previously prepared to produce blunt trauma on the abdomen by allowing free falling of rats in frictionless conditions ( Figure 1 ).
A material which was 250 g in weight was applied on rats by free falling of the material from 40 cm height to produce blunt injury on the abdomen. After 30 minutes, rats were decapitated. Any injury on solid and hollow organs of the abdomen was macroscopically examined by an autopsy of rats in the department of forensic medicine in Elazig University. After blunt injury was produced on rat abdomens, any differences in intra-abdominal solid and hollow organ damage were checked in order to ascertain whether full or empty stomach constituted a difference and whether the rats were traumatized from the anterior, or the right or left side.
Data was calculated by average, standard error, and mean. Non-parametric statistical tests, including the Kruskal-Wallis H test and the Mann-Whitney U-test, were used for statistical analysis of data. Statistically significant P values less than 0.05 (p<0.05). The SPSS 15.0 for Windows pocket program was used for statistical analysis.
RESULTS
In this study, the frequency of injury on intra-abdominal organs was determined to be highest in liver, followed by spleen and small intestine, respectively (Table 1 ). Figure 1 . Illustration of assembly prepared for producing trauma. [9] When considering liver, spleen, and stomach injuries, differences between the groups were statistically significant (p<0.05). However, the rate of damage on other organs was not significantly different (Table 1) .
Enhancement in the number and grade of solid organ injuries was determined in groups with the empty stomach ( Table  1 ). An enhanced gastrointestinal tract injury was observed in rats with a full stomach; however, this difference was not statistically remarkable (Table 1) .
Frequency of damage to the liver differed depending on the direction of trauma and the condition of the stomach. Liver was most frequently injured by trauma from the right (Table  1) . When comparing the frequency of liver injury between rats injured from the anterior (Groups 1 and 4) or from the right (Groups 2 and 5), a statistically significant difference was found (p=0.017 and p=0.014, respectively), while change between rats that were traumatized from the left side (Groups 3 and 6) was not remarkable (p=0.22) ( Tables 1 and 2 , Figures 2 and 3 ).
Due to blunt trauma, injury was observed especially on the right lobe of the liver. The most frequent complication was determined as a subcapular hematoma, which was followed by laceration of the liver and, less frequently, by deep parenchymal injury.
Spleen was observed to be the second most frequently injured organ in blunt abdominal trauma (BAT). Spleen was most frequently injured by trauma from the left. A significant difference Difference between Group s3 and 6 is not remarkable; e: Difference between Groups 1 and 4 is not remarkable; f: Difference between Groups 2 and 5 is not remarkable (p>0.05); *: Differences between Groups 1 and 4, Groups 2 and 5, or Groups 3 and 6 are not remarkable when considering injuries of the right kidney (RK), the left kidney (LK), the pancreas (PANK), the small intestine (SI), the large intestine (LI), the stomach (Sto), and the liver (L).
was observed between rats that were traumatized from the left side (Groups 3 and 6) (p=0.018) ( Tables 1 and 2 ).
Injuries to the gastrointestinal tract were mostly observed on the mesenterium or serosa as a hematoma and crush. Perforation in the gastrointestinal system (GIS) was not observed in rats.
On the other hand, although there was a difference between groups with respect to kidney and pancreas injuries produced by BAT, when the direction of trauma or the fullness of the stomach was considered, it was not statistically significant (p>0.05).
In this study, a model was developed and the force of BAT 2.00 3.00 4.00 5.00 6.00
Liver which would not cause sudden death in rats but would lead to intra-abdominal organ injuries was determined. The frequency and grade of intra-abdominal organ damage involving preventable death due to BAT were aimed to be determined.
DISCUSSION
Injuries are most commonly seen on the head, the extremities, and thirdly on the abdomen. Organ damage is usually caused by blunt trauma. [1] [2] [3] Abdominal traumas, which are either penetrating or blunt, result in severe morbidity or mortality. Blunt trauma generally leading to multisystem organ injuries is usually diagnosed late due to its complexity. Although the type of trauma to the abdomen may be either penetrating or blunt, patients die due to abdominal trauma for two reasons: hypovolemic shock, or peritonitis and septic shock due to injuries to intra-abdominal hollow organs. Two percent of patients reaching the hospital alive after blunt trauma develop hemorrhage causing death. Undiagnosed intra-abdominal organ injury is the number one preventable cause of death due to trauma. [10, 11] Liver is the most commonly injured intra-abdominal organ due to BAT caused by traffic accidents. There is no consensus on the mechanisms of liver injury yet. It has been suggested that liver injury could be caused by a crush, crack, or displacement of the liver due to a crash, in addition to liver damage due to the effects of acceleration or deceleration of the liver in response to the sudden stop of a crash. [10, 12, 13] Moreover, an increase in the pressure of internal fluids due to a high speed crash was also suggested as a plausible cause of liver injury produced by BAT. [14] [15] [16] In this study, lesions including crush, crack, and subcapular hematoma in the liver as complications of BAT were observed.
Taviloğlu et al. [17] have found that liver is the most frequently injured organ in two hundred and fifty cases of BAT, and an injury of the liver occurs especially when trauma is from the right side.
Evaluation of one hundred and seven patients with BAT by Holmes et al. [18] have revealed that the liver is damaged in forty-four out of 107 patients, while the spleen was injured in 41 individuals, and 5 patients had a GIS injury.
On the other hand, other studies have suggested that the spleen is the most frequently injured organ and the frequency of damage to the liver is less than to the spleen in cases of BAT. [11] Bruscagin et al. have also determined that spleen is the most frequently injured organ due to BAT. [14, 19] In this study, spleen is observed to be the second most frequently injured intra-abdominal organ.
Mortality rates due to liver injury vary between 5% to 25-40% regarding the grade of injury. Mortality increases in highgrade liver injury. [19, 20] In parallel with previous findings, it was determined that injuries occurred most frequently in the liver. However, the grade of liver injury differed depending on the direction of trauma and fullness of the stomach. Liver is most likely to be damaged in rats if trauma came from the right and the stomach is empty. In agreement with previous studies, we also observed that an injury was most likely to occur in the right lobe of the liver. [11, 19, 20] In cases with BAT, spleen injury commonly occurs due to trauma from the left affecting the chest. [21] Due to high blood supply to the spleen, that is, 4% of cardiac output, hemorrhage causing death may be observed in spleen injury. [21] [22] [23] [24] [25] In this study, intra-abdominal hemorrhage in more than half of the rats was observed to be parallel to previous studies. The results suggested that the spleen was the second most frequently injured organ. A plausible explanation for this could be that the rat spleen is anatomically linked to the tongue and it is more mobile compared to the human spleen.
Moreover, gastrointestinal injury is less frequent than solid organ damage in response to BAT. The damage rate to hollow organs due to BAT has been estimated as 6-10%. [25, 26] Different mechanisms play role in damage to organs including perforation of the organ from the effects of a crash and damage from crushing. [27, 28] Our observations revealed that injury to the GIS occurred as a crush rather than perforation.
Wessel et al. [29] have conducted a study including three hundred and eight patients with BAT. Injury of the kidney was reported in sixty-seven cases and, moreover, 36 out of these 67 cases had grade 2 damage of the kidney. Our observations revealed that an injury in the kidney was most likely to be grade 1 or 2.
Furthermore, Shinkawa et al. [30] have suggested that a full stomach may play a protective role on other intra-abdominal organs by absorbing the effects of the force produced by a crash like an air cushion, and this protective function may be more significant for the liver, especially when trauma comes from the left.
Intra-abdominal organ injury due to BAT was evaluated in this study and the results suggest that the liver is the most vulnerable organ in response to BAT, followed by the spleen and small intestine, respectively. Frequency and grade of intra-abdominal organ injury was higher in rats with empty stomachs. Considering the frequency of liver injury, the difference between Groups 1 and 6 as well as between Groups 2 and 6 was found to be statistically significant. Moreover, regarding spleen damage, the difference was also statistically remarkable in Group 3 compared to Group 6. Furthermore, GIS injury was higher in rats with a full stomach; however, the difference was not statistically significant.
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